The genus Pseudomonas is one of the most complex Gramnegative bacterial genera as it currently is the genus with the largest number of species [1] . The large number of species is interrelated to its ubiquity: strains belonging to the genus have been isolated from practically all habitats, including soil, plants, animals, air and water. The phylogeny in the genus Pseudomonas has been assessed several times [2] [3] [4] , and is, in the era of genomics, still not unequivocally resolved. Many isolates, previously included in a 'known' species, should now be reassessed for their phylogenetic position [5, 6] . Nevertheless, pseudomonads, and especially those of the Pseudomonas putida group [7, 8] , are environmentally important bacteria in the recycling of nutrients, and they are also important in medicine and biotechnology.
During the search for novel biocatalysts, two isolates were obtained from a soil sample of the Reidholz forest between the cities of W€ adenswil and Richterswil in Switzerland (47 13¢ N 8 41¢ E) using King's B medium [9] . These two isolates, CCOS 864 T and CCOS 865 T , tentatively identified as members of the genus Pseudomonas based on the colony morphology on the isolation medium, were further characterized in this study.
For identification using 16S rRNA gene sequencing and multilocus sequence analysis (MLSA), genomic DNA of CCOS 864
T and CCOS 865 T was extracted using the method of Goldenberger et al. [10] . Partial amplification and sequencing of the 16S rRNA gene was done using standard 16S rRNA primers (Table S1 , available in the online Supplementary Material). After Sanger sequencing by the commercial service at GATC, the consensus sequences were imported to the MEGA6 software [11] and aligned using MUSCLE [12] . To generate phylogenetic trees, alignments were edited in the MEGA6 software, bootstrap analysis was performed and graphical representations of the data were drawn using the neighbour-joining method [13] .
A consensus tree using the 16S rRNA gene sequences of reference strains from the studies of Mulet et al. [4] and Gao et al. [14] placed the isolates within the P. putida group (Fig. 1 It was demonstrated earlier that an MLSA approach based on the analysis of four housekeeping gene sequences (partial 16S rRNA, rpoB, gyrB and rpoD) of all known species of the genus Pseudomonas clarified the phylogeny reliably and greatly facilitated the identification of new strains [4, 5] . This approach was followed to clarify the position of strains CCOS 864
T and CCOS 865 T using standard PCR primers and conditions for these genes (Table S1) [3, 15] . All amplicons were sequenced as above at GATC. The consensus tree of concatenated sequences for the P. putida group (accession numbers in Table S2 ) showed that the sequences of the two novel strains clearly separated them from described Pseudomonas species (Fig. 2) . The two isolates thus represent two individual novel species within the P. putida group.
To compare the phenotypes of strains CCOS 864 T and CCOS 865
T , all physiological tests were carried out simultaneously together with the reference strains P. alkylphenolica JCM 16553 T , P. entomophila CCUG 61470 T , Pseudomonas japonica JCM 21532 T , Pseudomonas mosselii DSM 17497 T , P. putida DSM 291 T , Pseudomonas soli LMG 27941 T and P. vranovensis DSM 16006 T , selected based on close genetic distance to the two isolates and to cover the broadest diversity of the P. putida group. P. donghuensis HYS T [14] was not included as it was not available at the start of the study.
Pseudomonas strains were routinely cultured in tryptic soy broth (TSB; VWR) at 28 C and stored as a suspension in glycerol (30 %, v/v) at À80
C. The morphology of cells grown for 2 days on tryptic soy agar (TSA) at 28 C was examined by phase-contrast microscopy (Â1000; Zeiss). Motility was examined after 2 days at 28 C by microscopy (Â1000). Gram-staining was tested by using the VWR Gram-stain kit, the aminopeptidase test (VWR) and by the KOH (3 %, w/v) method of Süßmuth et al. [16] . Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 solution while oxidase activity was determined using Bactident Oxidase (VWR). The oxidative or fermentative metabolism of glucose was determined after 24 h on Hugh and Leifson's OF basal medium (VWR) at 25 C as described by Süßmuth et al. [16] . Growth in liquid nutrient broth [Thermo Fisher Scientific (Oxoid)] and TSB (VWR) was tested without agitation at different temperatures (4, 10, 15, 20, 25, 30, 37, 42 and 45 C) by measuring OD 600 after 48 h and 7 days, while for growth on plates containing nutrient agar (VWR), scoring was done by eye after 48 h and 7 days. Salt tolerance was measured in liquid nutrient broth (Thermo Fisher Scientific) and TSB with different salt amendments [between 0 and 10 % (w/v) NaCl with 1 % increments] without agitation by measuring the OD 600 . In plates containing TSA (Biolife Italiana), the same range of salt amendments was evaluated by scoring growth by eye.
Amylase, lipase, chitinase and protease were tested on R2A agar (Thermo Fisher Scientific) or LB-Lennox agar (Carl Roth) supplemented with the appropriate substratessoluble starch (Becton, Dickinson; 0.2 %, w/v), colloidal chitin (0.2 %, w/v) [17] , emulsified tributyrin (Sigma-Aldrich; 1 %, v/v) and skimmed milk (Becton Dickinson; 2.5 %, w/v) -and incubated at 28 C for 72 h. Cells of strains CCOS 864 T and CCOS 865 T on King's B medium [9] were beige and opaque, and did not produce visible pigments. All strains except CCOS 864 T and P. vranovensis DSM 16006 T showed production of fluorescein. Colonies fluoresced weakly under UV light, except for P. japonica JCM 21532 T , which showed a strong fluorescence.
Cells of the two novel strains were rod-shaped, motile, strictly aerobic, and oxidase-and catalase-positive. They were able to grow in the range between 4 and 37 C, with an optimum between 25 and 30 C. They tolerated up to 6 % (w/v) NaCl.
Physiological and biochemical characteristics and enzyme activities were determined with the API 20NE, API 20E and API ZYM systems (bioM erieux) at 25 C as described by the manufacturer and Biolog GN2 MicroPlates (Biolog) as described by Tang et al. [18] at 28 C. The Biolog GN2 MicroPlates were scored after 1 and 2 days by eye and additionally after 2 days by measuring the absorption at 562 nm.
Biochemical and phenotypical patterns of strains CCOS 864
T and CCOS 865 T and the reference strains were generated in this study. Selected discriminating phenotypes are listed in Table 1 Fig. 2 . Evolutionary relationships of concatenated partial 16S rRNA, rpoB, gyrB and rpoD genes (total 3055 positions) of taxa within Pseudomonas inferred using the neighbour-joining method. As outgroup, the same genes of Cellvibrio japonicus Ueda107 were included. Bootstrap values !50 % are included. All accession numbers used for the generation of this tree are given in Table S2 . Bar, 0.02 changes per position.
given in Table S3 . Strain CCOS 864
T could be distinguished from the other P. putida group species by the combination of a positive reaction for gelatinase and positive growth on N-acetyl-D-glucosamine, p-hydroxyphenylacetic acid and inosine, while strain CCOS 865 T could be distinguished by the combination of positive growth with saccharic acid and negative growth with p-hydroxyphenylacetic acid and Lpyroglutamic acid.
For fatty acid methyl ester analysis, strains were grown on TSA plates at 28 C for 1 day. Sufficient amounts of cells of comparable physiological age were harvested from the plates. The fatty acid methyl esters were extracted and prepared according to the standard protocol of the Sherlock Microbial Identification System (MIDI, version 6.1) [19] , were analysed using a Hewlett Packard HP 6890 gas chromatograph and were identified using the database ITSA1 (version 1.10). Analysis of the cellular fatty acids was performed by the identification service of the Culture Collection of Switzerland (CCOS AG).
All strains had hydroxylated fatty acids (C 10 : 0 3-OH and C 12 : 0 2-OH or C 12 : 1 3-OH) in the membrane, which is a typical characteristic of Pseudomonas species [1] . The predominant cellular fatty acids of strain CCOS 864 T were C 16 : 0 , C 17 : 0 cyclo, summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c) and C 18 : 1 !7c, whereas those for strain CCOS 865 T were summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c), C 16 : 0 , C 18 : 1 !7c and C 17 : 0 cyclo (Table S4) , with most values well in the range of the related pseudomonads. Strain CCOS 864 T showed a relatively higher amount of C 17 : 0 cyclo whereas CCOS 865 T showed a relatively higher amount of the unsaturated fatty acid summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c).
For polar lipid and respiratory quinone analysis, strains were grown in TSB at 28 C for 1 day after which cells were harvested. Analysis of respiratory quinones and polar lipids [20] [21] [22] [23] was carried out by the identification service of the DSMZ. The major polar lipid for both strains was phosphatidylethanolamine, followed by diphosphatidylglycerol and phosphatidylglycerol (Fig. S1 ). The predominant 
Reduction of nitrate to nitrite
*All data as reported by Gao et al. [14] . †Different as reported by Mulet et al. [37] but not by Pungrasmi et al. [38] . T was determined by standard HPLC analysis [24] . Measurements were performed under commission at BCCM/LMG. Strains CCOS 864
T and CCOS 865 T showed a DNA G+C content of 62.1 and 63.8 mol%, respectively, which is well within the range of Pseudomonas species (58-69 mol%) [1] .
Genomic DNA for sequencing was extracted using the Nucleospin tissue kit (Macherey and Nagel), and fragmented using the Covaris E220 ultrasonicator (average target size 600-700 bp). Library preparation was done using the Illumina Neoprep library system according to the instructions of the manufacturer. Sequencing was done using an Illumina MySeq (2Â300 bp reads), resulting in 1 960 890 reads for CCOS 864
T and 1 731 754 reads for CCOS 865
T . Automated assembly was done using Lasergene NGen version 12.1 and checked in Lasergene SeqMan 12.0 (DNASTAR). Further assembly and annotation as in Flury et al. [6] of the genomes is still in progress, and will be reported in a different paper.
Average nucleotide identities (ANIs) and tetra-nucleotide signature correlation indices were determined using JSpeciesWS [25] . The values were compared to available genomes of type strains of the P. putida group (Tables 2 and  S5 ). As the genome of P. soli LMG 27941 T was not available at the time of analysis, we included the genome of P. soli CCOS 191 [26] . All ANIb and ANIm values were below 95 % for both CCOS 864
T and CCOS 865 T , confirming that the two strains belong to independent species. Additionally, tetra-nucleotide signature correlation indices were below 0.999 for all genome comparisons (Table S5 ), indicating that all genome sequences were of different species [27] . The only exception was observed for the combination of CCOS 864
T and P. donghuensis HYS T , but as the ANIb and ANIm values are low enough to support different species, this value has no effect.
Digital DNA-DNA hybridization values, determined with all genomes using the Genome-to-Genome Distance Calculator v.2.1 [28] [29] [30] , showed that for strains CCOS 864
T and CCOS 865
T , the values were all significantly below the cutoff of 70 % (Table S5 ). This confirms, together with ANI, that the two strains are representatives of novel species in the P. putida group. [31, 32] . Additionally, these strains may be able to synthesize polyhydroxyalkanoates [33, 34] , which can be applied as a bioplastic with superior properties to current materials [35, 36] . As the strains were isolated in a screening process for novel biocatalysts, the added value of the obtained genome sequences of strains CCOS 864 T and CCOS865 T will only be shown after annotation of the respective genomes.
In conclusion, the genotypic and phenotypic data presented in this study demonstrate that strains CCOS 864 T and CCOS865
T represent two novel members of the P. putida group within the genus Pseudomonas. Cells are Gram-stain-negative rods, 0.5-0.9 µm wide and 1.0-2.2 µm long, non-spore-forming and motile. Chemoorganotrophic, aerobic, and oxidase-and catalase-positive. Growth is observed between 4 and 37 C, with an optimum between 25 and 30 C. Tolerates up to 6 % (w/v) NaCl. Production of fluorescent pigment on King's medium B is negative. On R2A agar medium or LB medium supplemented with trybuterin or skimmed milk, positive hydrolysis is observed at 28 C. Can be differentiated from other members of the P. putida group using the combination of the following biochemical characteristics: negative for fluorescin, and positive for gelatinase, N-acetyl-D-glucosamine, phydroxyphenylacetic acid and inosine. Other phenotypic characteristics according to API 20E (25 C) are positive activity for arginine dihydrolase, citrate utilization, tryptophane deaminase, gelatinase and oxidation of glucose and melibiose. In API 20NE (25 C), cells are positive for the reduction of nitrate to nitrite, but negative for denitrification to N 2 , gelatinase activity and assimilation of the following compounds as sole carbon sources: glucose, capric acid, malate and trisodium citrate. 
DESCRIPTION OF PSEUDOMONAS REIDHOLZENSIS SP. NOV.
Pseudomonas reidholzensis [reid.holz.en¢sis. N.L. fem. adj. reidholzensis pertaining to the Reidholz, the forest in Richterswil (Switzerland) from where the type strain was originally isolated].
Cells are Gram-stain-negative rods, 0.5-0.9 µm wide and 1.0-2.2 µm long, non-spore-forming and motile. Chemoorganotrophic, aerobic, and oxidase-and catalase-positive. Growth is observed between 4 and 37 C, with an optimum between 25 and 30 C. Tolerates up to 6 % (w/v) NaCl. Fluorescent pigment is produced on King's medium B. On R2A agar medium or LB medium supplemented with trybuterin or skimmed milk, no hydrolysis is observed at 28 C. Can be differentiated from the other members of the P. putida group by the combination of the following biochemical characteristics: positive growth with saccharic acid and no growth with p-hydroxyphenylacetic acid and L-pyroglutamic acid. Other phenotypic characteristics according to API 20E (25 C) are positive activity for arginine dihydrolase, citrate utilization, tryptophane deaminase, gelatinase, and oxidation of glucose and melibiose. In API 20NE (25 C), cells are positive for hydrolysis of aesculin and assimilation of the following compounds as sole carbon sources: glucose, capric acid, malate, potassium gluconate and trisodium citrate. In API ZYM (25 C), positive enzymatic activities are observed for: esterase (C4), leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. Positive for oxidation (Biolog GN2 MicroPlate) of the following substrates: Tween 80, a-D-glucose, methyl pyruvate, cis-aconitic acid, citric acid, D-gluconic acid, b-hydroxybutyric acid, D-saccharic acid, a-ketoglutaric acid, DL-lactic acid, propionic acid, quinic acid, succinic acid, bromosuccinic acid, glucuronamide, L-alaninamide, D-alanine, L-alanine, L-asparagine, L-aspartic acid, L-glutamic acid, L-histidine, hydroxy-L-proline, L-leucine, L-proline, L-serine, DL-carnitine, g-aminobutyric acid, putrescine, 2-aminoethanol and glycerol. The most abundant fatty acids are summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c), C 16 : 0 , C 18 : 1 !7c and C 17 : 0 cyclo. The major respiratory quinone is ubiquinone Q-9 with small amounts of ubiquinone
